[The history of the development and changes of quinolone antibacterial agents].
The quinolones, especially the new quinolones (the 6-fluoroquinolones), are the synthetic antibacterial agents to rival the Beta-lactam and the macrolide antibacterials for impact in clinical usage in the antibacterial therapeutic field. They have a broad antibacterial spectrum of activity against Gram-positive, Gram-negative and mycobacterial pathogens as well as anaerobes. Further, they show good-to-moderate oral absorption and tissue penetration with favorable pharmacokinetics in humans resulting in high clinical efficacy in the treatment of many kinds of infections. They also exhibit excellent safety profiles as well as those of oral Beta-lactam antibiotics. The bacterial effects of quinolones inhibit the function of bacterial DNA gyrase and topoisomerase IV. The history of the development of the quinolones originated from nalidixic acid (NA), developed in 1962. In addition, the breakthrough in the drug design for the scaffold and the basic side chains have allowed improvements to be made to the first new quinolone, norfloxacin (NFLX), patented in 1978. Although currently more than 10,000 compounds have been already synthesized in the world, only two percent of them were developed and tested in clinical studies. Furthermore, out of all these compounds, only twenty have been successfully launched into the market. In this paper, the history of the development and changes of the quinolones are described from the first quinolone, NA, via, the first new quinolone (6-fluorinated quinolone) NFLX, to the latest extended-spectrum quinolone antibacterial agents against multi-drug resistant bacterial infections. NA has only modest activity against Gram-negative bacteria and low oral absorption, therefore a suitable candidate for treatment of systemic infections (UTIs) is required. Since the original discovery of NA, a series of quinolones, which are referred to as the old quinolones, have been developed leading to the first new quinolone, NFLX, with moderate improvements in over all properties starting in 1962 through and continuing throughout the 1970's. Especially, the drug design for pipemidic acid (PPA) indicated one of the important breakthroughs that lead to NFLX. The introduction of a piperazinyl group, which ia a basic moiety at the C7-position of the quinolone nuclei, improved activity against Gram-negative organisms broadening the spectrum to include Pseudomonas aeruginosa. PPA also showed soem activity against Gram-positive bac teria. The basic piperazine ring, which can form the zwitterionic natrure with the carboxylic acid at the C3-position, has subsequently been shown to increase the ability of the drugs to penetrate the bacterial cells resulting in enhanced activity. Further, the zwitterionic forms resulted in significant tissue penetration in the pharmacokinetics. On the other hand, the first compound with a fluorine atom at the C6-position of the related quinolone scaffold was flumequine and the compound indicated that activity against Gram-positive bacteria could be improved in the old quinolones. The addition of a flourine atom at the C6-position is essential for the inhibition of target enzymes. The results show the poten antibacterial activity and the penetration of the quinolone molecule into the bacterial cells and human tissue. The real breakthrough came with the combination of these two features in NFLX, a 6-fluorinated quinolone having a piperazinyl group at the C7-position, NFLX features significant differences from the old quinolones in the activities and pharmacokinetics in humans, resulting in high clinical efficacy in the treatment of many kinds of infections including RTIs.Consequently, those great discoveries are rapidly superseded by even better compounds and NFLX proved to be just the beginning of a highly successful period of research into the modifications of the new quinolone antibacterials. Simce the chemical structure and important features of NFLX had become apparent in 1978, many compounds were patented in the next three years, several of which reached the market. Among the drugs, ofloxacin (OFLX) and ciprofloxacin (CPFX) are recognized as superior in several respects to the oral beta-lactam antibiotics as an antibacterial agent. With a focus on OFLX and CPFX, numerous research groups entered the antibacterial therapeutic field, triggering intense competition in the search to find newer, more effective quinolones. After NFLX was introduced in the market, while resulting by the end of today, eleven kinds of other new quinolones launched in Japan. They are enoxacin (ENX), OFLX, CPFX, lomefloxacin (LFLX), fleroxacin (FRLX), tosufloxacin (TFLX), levofloxacin (LVFX), sparfloxacin (SPFX), gatifloxacin (GFLX), prulifloxacin (PULX) and also pazufloxacin (PZFX). The advantages of these compounds, e.g., LVFX, SPFX and GFLX, are that their spectrum includes Gram-positive bacteria species as well as Gram-negative bacteria and they improve bioavailability results when a daily dose is administered for systemic infections including RTIs. However, unexpected adverse reactions, such as the CNS reaction, the drug-drug interaction, phototoxicity, hepatotoxicity and cardiotoxicity such as the QTc interval prolongation of ECG, have been reported in the clinical evaluations or the post-marketing surveillance of several new quinolones. Moreover, the adverse reactions of arthropathy (the joint toxicity) predicated from studies in juvenile animals have never materialized in clinical use. Therefore, no drugs other than NFLX have yet been approved for pediatric use. Fortunately, the newer quinolones are being developed and tested to reduce these adverse reactions on the basis of recent studies. On the other hand, multi-drug resistant Gram-positive bacteria including methicillin-resistant Staphylococcus aureus (MRSA), methicillin-resistant coagulase-negative staphycolocci (MRCNS), penicillin-resistant Streptococcus pneumoniae (PRSP) and vancomycin-resistant enterococci (VRE) have been a serious problem in the medical community. Recently, the new quinolone antibacterials are highly successful class of antibacterial therapeutic field, however, the increased isolation of quinolone-resistant bacteria above them has become a normal outcome. These problems of multi-drug resistance have been the driving force for the development of newer quinolones. The next gereration of quinolone antibacterial agents will be potent against multi-drug resistant bacteria, such as MRSA, and provide a lower rate of emergence in resistance. Further, they should have favorable safety profiles to reduce the adverse reactions. The future of quinolones as the ultimate in pharmaceuticals must be handled cautiously if they are to realize their potential in the medical community.